INTRODUCTION Neuromuscular Disorders (NMD) are genetically acquired rare diseases causing severe muscle weakness 1, 2 . Spinal Muscular Atrophy Type II (SMA II) and Duchenne Muscular Dystrophy (DMD) are examples of more common NMD that necessitate wheelchair dependence in early childhood or adolescence respectively 3, 4 . Cognition is unaffected in most; youth with DMD are at higher risk of specific learning disabilities and/or autistic spectrum traits if their disease causing mutation occurs in the latter third of the dystrophin gene 4, 5 . Co-morbidities in multiple body systems result from progressive muscle weakness and compromise physical health and life expectancy 6, 7 .
Best practice health management 4, 8, 9 including steroid use in individuals with DMD, spinal fusion and non-invasive ventilation (NIV) can optimise physical health 9, 10 and potentially extend life expectancy well into adulthood 11 . The self-reported wellbeing of young adults with NMD ranges from severely compromised 12 to comparable with typically developing populations 13, 14 , where outcomes appear mediated through empowered autonomy and optimally supported social participation 15, 16 .
The adolescent period is an important precursor to adult life. Development of independence in preparation for adult autonomy challenges the psychosocial wellbeing of typically developing adolescents 17, 18 and presents even greater challenges to adolescents with NMD who are wheelchair users. Physical dependence and health issues often increase through adolescence due to growth spurts and the progressive nature of many NMD, compromising participation and expectations for autonomy 14, 19 . The development of self-management skills for new or established health interventions is a concern for all adolescents with chronic health conditions 20, 21 . Uptake of respiratory support such as NIV is one such challenge for those with respiratory muscle weakness 22, 23 . Though NIV has significant benefits to physical health 24 , it signifies additional dependence and may have both positive 25 and negative impacts on Quality of Life (QoL) 26, 27 . A deeper understanding is needed of the psychosocial aspects of adolescence in youth with NMD 28, 29 .
The concepts of QoL and wellbeing encompass domains of an individual's perception of their health, happiness and life satisfaction 17, 30 . Reporting of QoL in youth with NMD is commonly by parent proxy, who consistently score their child's QoL lower than the children themselves 31, 32 . There is a need for deeper understanding of QoL and psychosocial wellbeing in the period of adolescence from the perspective of young people themselves 28, 29 , to inform how youth may be best supported to achieve and maintain optimal wellbeing as they transition to adulthood. This purpose of this review was to synthesise literature describing self-reported QoL and psychosocial wellbeing in youth with NMD who are wheelchair users, where possible compared with other groups of youth.
METHODS
The conduct of this systematic review conformed to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement (PRISMA-P 2015) 33 and was registered with the PROSPERO international prospective register of systematic reviews (CRD 42014015501).
Search Strategy
Medline, Embase, CINAHL and PsycINFO databases were searched utilising database specific Medical Subject Headings (MeSH) and pre-defined keywords. Search terms utilised in Medline are presented as an example in Supplemental Appendix 1. Subject headings were exploded and all subheadings included to encompass all related search terms and ensure exhaustiveness. Search yields for each search terms were combined within each category with "OR", and with "AND" across the categories of population (age -youth, adolescence) AND population (diagnosis -neuromuscular disorders) AND outcome (wellbeing). Search yields were limited by year of publication since 2004 to account for advances in best practice care experienced by youth with NMD over the past decade. The complete search strategy of the electronic databases was conducted on January 15 th 2015, and updated on 5 th November 2015 and 7 th April 2016 to identify new articles.
Additional literature was sourced by screening the reference lists of full text papers reviewed and through consultation with researchers and clinicians of the Australasian Neuromuscular Network (www.ann.org.au ).
Study Selection Criteria
Peer reviewed full text papers of any study design published in English were included if: (1) Population -participant age or mean age was 12-22yo (representing the age range commonly used in Australian terminology of "young person" and "youth" 34 ); if a broader age range was studied, data on 12-22yo participants could be separately extracted; participants were diagnosed with a NMD; data for non-ambulant youth with NMD could be extracted; and (2) Outcomes included self-reported data describing QoL, mental wellbeing and social participation. Figure 1 illustrates the selection process. Two authors (VT & JD) independently screened the citations by titles and abstracts for relevance to the inclusion criteria. Potentially relevant citations were combined and discrepancies were included in the full text review. Potentially eligible full text papers were retrieved and examined by all authors during a group review. Disagreement or ambiguities were resolved by discussion and consensus.
Study selection

Data extraction and synthesis
Information regarding study methods (design, participants, recruitment, outcome measures) and results (including normative or similar sample comparison, descriptive statistics) were extracted by VT. Data extraction and synthesis were refined through regular discussion of all authors. Heterogeneity of data collection and reporting precluded the opportunity to synthesize similar outcomes in a metaanalysis.
Risk of bias assessment and quality appraisal
In keeping with the recommendations of Higgins and Green 35 (http://handbook.cochrane.org/ Section 8.5.3., accessed 10.11.14) and Shamliyan et al 36 , a non-scoring quality assessment tool was utilised to assess each paper's internal validity and generalisability. Four criteria (Table 1) were adapted from the STROBE quality appraisal checklist 37 and risk of bias assessment tools specific to observational 38 and prevalence studies 39 , being selection and response bias, use of valid and reliable outcome measures, and interpretation bias. Two authors (VT and SP) independently assessed studies for risk of bias as high, low or uncertain. The assessments considered the risk of material bias rather than any bias defined as bias of sufficient magnitude to have a notable impact on the results or conclusions of the trial, recognizing that subjectivity is involved in any such judgement. Differences were resolved by consensus. Studies were not excluded based on their risk of bias.
RESULTS:
Study selection
The search strategy identified 1839 unique papers, of which 1763 papers were agreed as ineligible based on title and abstract screening (Figure 1 ). Screening the reference lists of the remaining 76 papers yielded one further potentially eligible paper. Full text assessment led to the exclusion of 62 papers, reasons being that they did not include or separately report 12-22year old participants' data (38) or data for those with NMD (9), did not include or describe participants' ambulatory status (9), reported proxyrated outcomes only (5) or could not be sourced (1) . All authors reached consensus for the 15 papers that met the inclusion criteria.
Study characteristics -Methods
Designs included 11 cross-sectional observational surveys, 1 mixed observational and qualitative study, and 3 qualitative studies. One study was a survey conducted internationally 40 and three each were conducted in Australia [41] [42] [43] and the United States [44] [45] [46] . Nine studies recruited through tertiary clinics 43, 44, [47] [48] [49] [50] [51] [52] [53] , five studies through multiple sources 40-42, 46, 54 and one study did not report their participant source 45 .
Participants
A total of 411 youth were recruited across the 15 studies, with participant numbers in individual studies ranging from 4 43 to 58 52 (see Supplemental Appendix 2). The majority were boys (n=376, 91%) and living with DMD (n=at least 339, 82%), with 9 of the 15 studies recruiting only youth with DMD. Four studies mentioned the exclusion of youth with cognitive impairment 41, 47, 51, 53 , though only one of these indicated how intellect was assessed 41 and none specified numbers excluded. Youth with reading and writing difficulties were assisted in one study, though numbers were not specified 44 . Two studies each did not specify individual diagnosis 42, 54 or gender 43, 54 .
One quantitative 53 and two qualitative studies 42, 45 specifically recruited youth aged between 12-22 years old. In the eight studies that recruited participants with a larger age range, data of 12-22 year olds could be separately extracted 40, 43, [46] [47] [48] [49] 54 . In the remaining 4 studies 41, 44, 50, 52 participants' mean age fell within the specific age range of this review, with the age of outliers ranging from 8 44 to 25 years old 50 .
Five studies described all participants as wheelchair users 40, 45, [47] [48] [49] and three recruited only boys with DMD of whom the majority were wheelchair users 41, 44, 46 . Two studies recruited by functional dependence on NIV 43, 50 , one included only those with compromised sitting ability having undergone spinal fusion 52 and all three reported extremely low physical scores, hence they were assumed to include only non-ambulant participants. One study that did not specify wheelchair use recruited only 11-17 year old participants living with DMD 51 . As loss of loss of ambulation in DMD typically occurs around age 13 years old 4 , the study was included since the majority were likely using wheelchairs. Vuillerot et al 53 grouped participants by functional ability as classified on the Motor Function Measure (MFM), where a score of >80 indicated wheelchair dependence and applied to two of the three groups in this study.
The proportion or participants who underwent spinal fusion, or used steroid and NIV interventions were inconsistently described and investigation of relationships with QoL or wellbeing outcomes was not possible. Extracted data are presented in Tables 2, 3 and 4.
Outcome Measures used
The 12 quantitative studies utilised a variety of outcome measures. ), one specific for children with chronic health conditions (DISABKIDS 47 ) (though these data were presented in figures only and could not be extracted), and one disease and age specific to adolescents with DMD [Life Satisfaction Index for Adolescents (LSI-A) 51 ].
Study Characteristics -Risk of Bias
Assessment of bias in each study is presented in Table 5 . Eight studies were assessed as at risk of selection bias due to incomplete reporting of sampling strategy, including a lack of description of how potential participants were approached 41, 44-46, 48, 49, 51, 54 . All studies were assessed as at risk of response bias, as no study compared responders and non-responders and none reported a population based sample.
Use of outcome measures with unverified validity and reliability for the population with NMD compromised the internal validity of four studies 40, 51, 52, 54 (see Table 2 and Risk of interpretation bias appeared low in four quantitative 41, 44, 46, 53 and two qualitative studies 42, 45 who clearly reported the steps taken in their analysis process and which were assessed to be appropriate for their data.
Findings -Quality of Life
Measures of QoL that included physical function domains found poorer QoL for youth with NMD compared to typically developing youth 41 Two studies utilising the PedsQL reported lower but not significantly different psychosocial QoL for youth with NMD compared to typically developing youth 41, 44 . The SF-36 QoL mental health status subdomain did not show significant differences from the norm 47, 49, 50, 52 . Psychosocial QoL sub-domains were highest in youth with more severe physical disability, including those with relatively unchanging NMDs non-ambulant since early childhood and those dependent on NIV 43, 53, 54 . These participants also reported higher school functioning 43, 53 , body image 53 , relationships with teachers 53 , academic performance 53 and cognitive functioning 54 than peers with NMD with less physical impairment 53 or same age typically developing peers 54 . Two younger NIV users rated their social and school functioning on the PedsQL well above the norms for all comparison groups 43 , whereas 10 slightly older NIV users rated their social function on the SF-36 at 31% lower than the normative population 50 .
Emotional and social functioning scores were lower in younger participants with DMD 41, 46, 49, 51 than youth with DMD in late adolescence 46, 51 , young men with DMD who were NIV users 49 and youth with relatively non-progressive, severe NMDs 43 .
Emotional, social and school functioning mean scores on the PedsQL were higher in participants recruited from a single tertiary specialist clinic 44 than those recruited from multiple sources 41, 46 . Emotional functioning scores on the SF-36 were reported higher in Swiss 49 and Korean 52 participants than in United Kingdom participants 50 .
Findings -Mental Health and Social Participation.
No clinical depression or neuroses were found utilising the Hospital Anxiety and Depression Scale 50 and the Beck Depression Inventory 47 , though three of 34 participants in the latter study (12.5%) aged 17-23 years old reported mild-moderate subclinical depressive symptoms. In response to de novo questions, six of 10 participants aged 12-25 years old reported previous psychological problems for which four families had sought help 50 . The type, age of onset and extent of these problems were not described.
No studies utilised standardised measures of social participation. De novo questions utilised by Janssen et al 40 broadly described the proportion of 24 youth with DMD aged 8 -19 years old participating in school (83%), recreation (89% sport, 92% hobby), and employment (66% working).
Findings -Adolescents' qualitative accounts
Three qualitative studies 42, 45, 48 reported positive and negative accounts of psychosocial wellbeing (Table 4) . Hamdani et al 48 described four participants as NIV users, but no other descriptors of steroid, spinal fusion or NIV uptake were reported in any of these studies. Mid-adolescent boys identified practical and interpersonal barriers to independent socialisation including assisted toileting 42 . Slightly older participants appeared ambivalent about expectations for social independence, resisting talking, thinking about or practically preparing for the future 48 . Participants experienced growth in their sense of identity and confidence through participation in a disease specific social group 42 . In order to maintain positive psychological states, participants preferred to focus on living well in the present 48 . Pehler and Craft-Rosenberg 45 explored participants' accounts of longing for missed activities, relationship and to be seen as a person, finding that spirituality was protective factor to ameliorate such sense of longing.
DISCUSSION
This systematic review sourced 12 cross-sectional quantitative and three qualitative papers that described QoL and psychosocial wellbeing in youth with NMD who are wheelchair users. Quality of life was poor when the measure included a domain rating physical ability. Psychosocial QoL was rated higher by older than younger adolescents living with DMD, and highest by adolescents with NMD manifest in early childhood. Mental health and social participation could not be compared with other populations.
Physical wellbeing domains of QoL
It is not surprising that youth with NMD living with severe physical limitations scored lower QoL than their typically developing peers in all studies that used QoL measures rating physical ability within a physical health domain 41, 43, 44, 46, 47, 49, 50, [52] [53] [54] . Individuals living with NMD do not perceive physical ability as important in the physical domain of QoL; ease of mobility, vitality, pain and fatigue were identified as more important 55 . These components are captured in the French VSP-A measure utilised by Vuillerot et al 53 , who compared QoL in youth with NMD amongst each other grouped by physical ability. The 'disability paradox' holds true in these participants, with the most severely disabled NIV dependent youths scoring their physical wellbeing higher than their more physically able peers 56 . Though Vuillerot et al 53 describes that one third of participants were diagnosed with relatively non-progressive NMDs and two-thirds with rapidly progressive NMD (such as DMD), the proportion of diagnoses within each functional group was not specified. Whilst the importance of physical ability to QoL may be different in those living with progressive disease, it is also likely that youth with similar cognitive ability and physical limitations have similar experiences navigating development of physical, emotional and social autonomy.
Psychosocial domains of QoL -mental health and emotional wellbeing
The trends identified in emotional and social functioning scores across studies warrant a careful look at the dynamic nature of QoL experienced by youth with NMD on different disease trajectories. Though 15% 57 to 38% 58 of younger boys with DMD are at higher risk of specific learning disabilities and/or autistic spectrum traits, none of the studies sourced in this review mentioned the prevalence of cognitive impairment amongst participants nor the number of such individuals excluded. Possible impact on QoL in these individuals with DMD remains unknown. The majority of youth with DMD are cognitively able to participate in mainstream education 5 
Emotional functioning was lower in younger youth with DMD where some still had walking ability albeit limited 41, 49, 51, 53 , compared with those older and fully wheelchair dependent 51, 53 and using NIV 49 . The higher emotional functioning scores in older youth with DMD may reflect a 'response shift' where, once the 'new' status of being non-ambulant and requiring respiratory support is accepted, individuals get on with their lives 13, 46 . It is unknown how preparation for the anticipated loss of ambulation and need for NIV in DMD may influence an individual's acceptance. Notwithstanding, 'acceptance' is a dynamic process, made more difficult during adolescence when changing body image and formation of identify are known to be risk factors of mental health disorders in typically developing youth 59 . Interestingly, the most severely disabled youth with NMD scored better than their abler peers in domains of body image, school and social functioning 43, 53 . It is possible that youth with relatively unchanging, severe disabilities manifest in early childhood perceive wheelchair and NIV use as part of their identity and may be more accepting of their limitations, especially if they have never known a different physical status. High scores in school functioning may be because they prioritise intellectual achievement when their disability precludes them from physical achievement. The comparatively abler youth in the studies by Young et al 43 and Vuillerot et al 53 may have scored lower on body image and emotional and social functioning if they perceive themselves in a 'void' -identifying themselves neither with their typically developing, physically able nor with their severely disabled, intellectually high achieving peer group.
Boys with DMD managed with steroid medication face the additional challenge of delayed puberty. Though current medical management slowing of DMD disease trajectory benefits their physical health, anecdotal evidence suggests that the concomitant short stature and delayed puberty can impact the psychosocial wellbeing of these young men 60 . Delayed puberty is associated with emotional symptoms in typically developing 13-18 year old boys 61 . Little is known about how the timing of physical changes during adolescence impacts on identity formation in youth with degenerative NMDs, and in turn psychosocial wellbeing, nor if boys have different experiences to girls.
Living with an uncertain disease course and shortened lifespan no doubt impacts the emotional wellbeing youth with NMD. Measured in the PedsQL TM 3.0 DMD Module, one in five youth with DMD reported 'frequently' being worried about their families and what was going to happen to them 46 . Though concerning, this incidence of worry and stress does not appear higher than in typically developing youth, where 29% without a probable serious mental illness are concerned about their level of stress 62 , followed by study and body image. The two studies that specifically measured depression did not find clinically significantly symptoms, but four of their ten NIV users had previously sought help for psychological problems 50 . The interplay between family and individual mental health alluded to by Read et al 50 is confirmed in the recent publication by Landfeldt et al 63 , who found that individuals with DMD whose parents self-reported depression and anxiety were at higher risk of mental health issues. It is concerning that up to 70% of parents were recorded as experiencing anxiety and depression 63 . Hence, whilst high emotional functioning scores in possibly emotionally well-supported populations indicate a resilience amongst youth with NMD 49, 64 , more careful measurement of mental health and emotional wellbeing is needed to identify times of vulnerability both for themselves and their families.
Social participation
The three qualitative studies exploring the adolescents' perspective reflected both positive and negative accounts of mental wellbeing and social participation 42, 45, 48 . Optimal wellbeing and social participation in youth with NMD who are NIV users is possible, though published accounts are of single cases only 16 . As social connectedness with peers with similar life experiences is a powerful enhancer of physical and mental wellbeing in other groups living with disability 65, 66 , the low scores in QoL leisure and social participation domains for youth with NMD across studies sourced in this review are of concern.
Severe physical disability necessitates significant additional support to enable social participation 13 . Participants recruited via single tertiary clinics 43, 44, 49 reported social participation scores closest to typically developing same age peers, yet participants recruited from a broader geographical area 41, 46 reported lower on the same PedsQL measure. It is possible that adolescents cared for in specialist centres receive greater expert, individualised emotional support to optimise physical health and opportunities for participation 67, 68 . Convenience and opt-in sampling means that the QoL and wellbeing even in these studies may be over-representative of those best supported and socially connected with capacity to participate in research. Wellbeing of the most vulnerable and socially disconnected may be still be severely compromised and unknown.
Limitations and directions for future research
A risk of selection bias is acknowledged through inclusion of only English language papers. However, this risk was mitigated to a certain extent as included papers represented different countries, languages and cultural contexts.
The lack of a standardised international definition of youth and adolescence led to the decision for this review to use the 12-22 year old age as per US & Australian terminology 34 , which excluded studies with a mean age under 12 69, 70 and over 23 years old 71 . Data reported in these studies were very similar to those included and were unlikely to have changed our findings.
The variable descriptors of wheelchair use, best practice health management strategies (steroids, spinal fusion and NIV), proportions of gender and diagnostic groups 53, 54 and absent descriptors of cognitive ability made it difficult to understand possible correlations to QoL and wellbeing. The inclusion of youth experiencing different disease trajectories can be argued as a limitation as well as a strength. Though youth living with conditions such as DMD experience more rapid deterioration in physical ability, their experience of adolescence, wheelchair use and multiple health interventions to manage muscle weakness is shared with those with other NMDs. Consistent descriptors of functional ability have advanced specificity in cerebral palsy research 72 and have been proposed and recommended for use in NMD 4, 73 . Only one 40 of six studies included and published since 2011 utilised the functional descriptors recommended by Bushby and Connor 73 . Adoption of standardised descriptors of functional ability will strengthen understanding of possible correlations between function, changes in function, uptake, for example, of NIV and QoL and wellbeing outcomes across diagnostic groups and gender in this population.
Limitations in the assessment criteria for the risk of bias reflect the difficulty discriminating reporting quality from methodological quality 36 . Notwithstanding, our checklist identified a need for clearer reporting of recruitment strategies, methods that recruit greater participant numbers and use of age and population validated QoL measures 55 .
Recent collaborative efforts in rare disease research have shown that focus on an age range need not compromise participant numbers. Landfeldt et al 31 recruited 154 youth with DMD aged 12-15 years old who were wheelchair users via the international TREAT-NMD database (http://www.treat-nmd.eu/). Unfortunately, this paper could not be included in this current review as results were reported as a combined score across ages (<5 to >30 years old) 31 . Future studies need clearer reporting specific to age groups to enable deeper understanding of wellbeing in developmentally unique age periods.
The variety of QoL assessment instruments currently in use precluded the pooling of results. Most measures utilised in studies in this review had shortcomings in construct and content validity, such as involvement of the population of study in the design of the measure. Whilst the DISABKIDS Chronic Generic Measure DCGM-37 was recently appraised as having strongest evidence to support its measurement properties in children with neurodisability 74 , the single study sourced utilising the DISABKIDS 47 presented data in figures only that could not be extracted. Efforts to construct and validate disease and age specific instruments with involvement of patient stakeholders are ongoing 55 , with the PROMIS 75 and SOLE 76 outcome measures being recent examples.
No studies specifically investigating social participation were sourced despite use of keyword search terms. This is surprising, given social participation is an identified priority in youth with NMD 15 and the value of social connectedness to long term health and wellbeing is known 65, 77 . Future longitudinal research utilising standardised measures to describe the social worlds of adolescents growing up with progressive, chronic illness is necessary to aid deeper understanding of how health care supports and interventions impact on adolescents' short and long term wellbeing 78 .
CONCLUSION:
This review demonstrated that there is value in grouping adolescents across NMD diagnostic groups, whose similar cognitive ability and physical limitations lead to similar experiences in navigating development of physical, emotional and social independence. Youth with NMD do not rate their psychosocial QoL significantly lower than same age typically developing peers, providing reassurance for those living with degenerative NMDs that despite severe physical disability and NIV use, life with average to above average cognitive ability can be good.
Trends across age and diagnosis highlighted that psychosocial wellbeing of younger adolescents with NMD on degenerative disease trajectories appears most at risk during periods of significant change to physical ability, when development of sense of self and social connectedness are also compromised. Changes over time are currently unknown. The opt-in recruitment method used by all studies in this review likely skews the representation to those who are coping well and have the capacity to participate in research.
There is little information around the mental health and social participation of youth with NMD, nor about the psychosocial wellbeing of those cared for outside of specialist clinics or who did not opt-in to studies. Future longitudinal studies with clearer reporting of age, gender and physical ability, an attempt at population based recruitment strategies and use of age appropriate, standardised measures are needed to enhance understanding of how interventions impact and maintain wellbeing of youth with NMD in transition from adolescence to adulthood. Figure 1 PRISMA flow diagram of study selection
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